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The sorbent tubes were analyzed by an injection port thermal desorption unit (Unity 2, Markes
160
International, Llantrisant, UK) and subsequently analyzed using GC × GC-ToF-MS. Briefly, the 161 tubes were spiked with 1 ng of deuterated internal standard for quantification and desorbed onto the (90.0ºC) was held for 2.0 min and then increased to 2.0ºC min -1 to 240ºC, followed by 3.0ºC min -1
165
to 310ºC and held for 5.0 min. The initial temperature of the secondary oven (40.0ºC) was held for 166 2.0 min and then increased at 3.0ºC min -1 to 250ºC, followed by an increase of 1.5ºC min -1 to 315ºC 167 and held for 5.0 min. Helium was used as carrier gas for the thermally desorbed organic compounds,
168
with a gas flow rate of 1.0 mL min -1 .
Quantitative analysis 179 An internal standard solution (including dodecane-d26, pentadecane-d32, eicosane-d42, pentacosane-180 d52, triacontane-d62, nonylbenzene-2,3,4,5,6-d5, butylbenzene-d14, biphenyl-d10, p-terphenyl-d14)
181
(Sigma-Aldrich, Ukoutlined above) was added to the samples to extract prior to instrumental analysis.
182
Five internal standards (pentadecane-d32, eicosane-d42, pentacosane-d52, triacontane-d62,
183
nonylbenzene-2,3,4,5,6-d5) were used in the calculation of carbonyl compound concentrations.
185
The quantification for alkanes, aldehydes and 2-ketones was performed by the linear regression 186 method using seven-point calibration curves (0.05, 0.10, 0.25, 0.50, 1.00, 2.00, 3.00 ng µL -1 )
187
established between the authentic standards/internal standard concentration ratios and the 188 corresponding peak area ratios. The calibration curves for all target compounds were highly linear
189
(r 2 >0.99, from 0.990 to 0.997), demonstrating the consistency and reproducibility of this method.
190
Limits of detection for individual compounds were typically in the range 0.04-0.12 ng m -3 . 3-ketones from the oxidation of octacosane, giving relative, but not absolute yields. Figure. 2 3 shows the average total concentrations of particle-bound 1-alkanals, n-alkan-2-ones, and 236 n-alkan-3-ones from January to April at four measurement sites, and the particle and gaseous phase 237 concentrations are detailed in the Table S1 (Supporting Information). Total n-alkanals was defined 238 as the sum of particle-bound n-alkanals ranging from C8 to C20. The particulate n-alkanals at the MR 
269
The n-alkan-2-one homologues measured in London ranged from C8 to C26, and the average total showed the highest concentrations, total 1.8-12.6 ng m -3 for C10-C31, and were higher in daytime 283 than nighttime. Concentrations at a forest site were 1.1-7.2 ng m -3 without a diurnal pattern. Values from higher plant waxes. These data clearly suggest a road traffic source in London, but less 287 influential than for the n-alkanals for which the increment at the roadside MR site is much greater. reason was that a large fraction of C18 evaporated into the gas phase, and OH oxidation happened in 306 the gas phase (homogeneous reaction). This may be supported by the evidence from previous studies
307
(Kwok and Atkinson, 1995; Ruehl et al., 2013), which found that the isomeric distribution of oxidation products of n-alkanes depends upon whether the reaction occurs in the gas phase or at the homogeneous gas phase reactions, the n-alkan-2-one/n-alkan-3-one ratios were still greater than 2.00.
353
The probable reason was that the lower molecular weight n-alkan-2-ones were significantly impacted The ratios of n-alkan-2-ones/n-alkanes, n-alkan-3-ones/n-alkanes (with same carbon numbers) were 359 calculated and are reported in Table S2 . The n-alkan-3-ones with carbon numbers higher than C20
360
were not identified in the samples, indicating that both the homogeneous gas phase and heterogeneous
361
reactions of higher molecular weight n-alkanes were slow, the former probably due to the low vapour 362 phase presence of n-alkanes. The ratios of n-alkan-3-ones/n-alkanes at four measurement sites 363 gradually increased from C11, and then decreased from C17, while higher ratios of n-alkan-2-ones/n-364 alkanes were observed in the range from C17 to C22, probably indicating a shift from homogeneous 365 reactions to heterogeneous reactions with the increase of carbon numbers. The low ratios of n-alkan-366 2-ones/n-alkanes with carbon numbers from C23 to C26 were attributed tomight be explained by the 367 low diffusion rate from the inner particle to the surface with the increasing carbon number of n-368 alkanes, even though heterogeneous reactions were would be the expected dominant pathway. 
Temporal and Spatial Variations

371
The study of temporal and spatial variations of air pollutants can provide valuable information about 372 their sources and atmospheric processing. The time series of particle-bound n-alkanals, n-alkan-2-373 ones, and n-alkan-3-ones are plotted in Fig. 3 . It is clear that the concentrations of n-alkanals varied substantially with date, and were always higher than n-alkanones at four sites. It is also clear from The carbon maximum number of the homologue of highest concentration (Cmax) was used to evaluate 393 the relative contributioncan be indicative of the source. and exhibit the homologue distribution of 394 highest concentration. to the sampling site, leading to elevated pollution levels affected heavily by the traffic emissions.
485
The strong correlation between BC and NOx with southerly wind sectors is a reflection of their 486 emission from road traffic. In addition, the correlations between n-alkanals (C8-C20) and BC, and 487 between n-alkanals (C8-C20) and NOx were calculated to assess the contribution of vehicular 488 emissions (Table S3 ). The results showed that the correlations (r 2 ) between n-alkanals and BC is also suggestive of a small, but not negligible contribution of vehicle emissions to n-alkan-3-ones.
514
The very low correlations observed in background air for both n-alkan-2-ones and n-alkan-3-ones 515 with BC and NOx are suggestive of the importance of non-traffic sources, probably including 516 oxidation of n-alkanes. Both compound groups were below detection limit in the analyses of diesel 517 exhaust. The considerable predominance for of n-alkan-2-one over n-alkan-3-one concentrations 518 may be indicative of a formation pathway from oxidation of condensed phase n-alkanes, but this is 519 speculative as primary emissions may be dominant. concentrations were taken from the national network sites (see Table S5 ). The partitioning 531 coefficients Kp calculated from our data and the percentages in the particulate form are presented in 532   Table 2 . For the three types of carbonyls, the n-alkanals >C16, n-alkan-2-ones >C19, and n-alkan-3-533 ones > C18 were assumed to have negligiblethe vapour concentrations were below detection limit,
534
and the partitioning into the particulate phase gradually increased from C8 to high molecular weight 535 compounds. The calculated log Kp versus log (VPT) for the three types of carbonyls was calculated for each day,
543
and the results appear in the Table S4 . Data from four sites were over the temperature range 0.40- case of the alkan-3-ones. This is not easily explained, except perhaps by an increased particle surface 548 area at the MR site which may enhance the kinetics of gas-particle exchange, leading to partitioning 549 which is closer to equilibrium.
551
CONCLUSIONS
552
Three groups of carbonyl compounds were determined in the particle and gaseous phase in London
553
and concentrations are reported for n-alkanals (C8-C20), n-alkan-2-ones (C8-C26) and n-alkan-3-ones
554
(C8-C19). The Marylebone Road site has the highest concentration of particle-bound n-alkanals, and 555 the average total concentration was up to 682 ng m -3 , followed by 167 ng m -3 at EL, 117 ng m -3 at 556 WM and 82.6 ng m -3 at RU. The particulate n-alkanals were abundant in all samples at all four 557 measurement sites, accounting for more than 56.3% of total particle carbonyls. In addition, the 558 average total particle concentrations of n-alkan-2-ones and n-alkan-3-ones at four measurement sites In addition, the partitioning coefficients of carbonyls were determined from the relative proportions 
584
This most likely reflects the slow formation of the alkan-2-ones as secondary constituents, closer to 585 phase equilibrium than the largely emitted alkanals which would be spatially far more variable.
586
The higher r 2 values for the alkan-2-ones than alkan-3-ones may reflect the higher concentrations,
587
and hence better analytical precision for the former compound group. Table 1 . The carbon preference index (CPI) and Cmax for n-alkanals, n-alkan-2-ones, and n-alkan-3-ones in this study and published data. The average total concentration of particle-bound n-alkanals (C8-C20), n-alkan-2-ones (C8-C26), and n-alkan-3-ones (C8-C19), for each sampling period and site. The error bars indicate one standard deviation. Fig. 4 . The molecular distribution of particle-bound carbonyl compounds at four sites (RU, WM, EL, and MR).
